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(54) Method and device for cooling charge air and hydraulic oil 



(57) In a cooling device for cooling charge air from 
a compressor (3) in an engine (9) and hydraulic oil from 
a retarder (14), a first coolant flow (ml) is provided in a 
coolant conduit (20). The engine (9) is cooled by the 
whole first coolant flow (ml). The cooling device com- 
prises a first a first charge-air cooler (4), which is cooled 
by means of a second coolant flow (m2), and a second 
charge-air cooler (5), which is cooled by means of a low- 
temperature fluid (32). The cooling device further com- 
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prises a retarder cooler (1 7) for cooling hydraulic oil from 
the retarder (1 4), said retarder cooler (1 7) being cooled 
by means of a third coolant flow (m3). Both the second 
coolant flow (m2) and the third coolant flow (m3) are 
subflows of the first coolant flow (m1). In a method uti- 
lizing the cooling device for cooling charge air as well 
as hydraulic oil from a retarder (14), a second coolant 
flow (m2) and a third coolant flow (nn3) are used, both 
of which are subflows of the first coolant flow (ml). 
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Description 

Field of the Invention 

[0001] The present invention relates to a cooiing de- 
vice for cooling charge air from a compressor in an en- 
gine and hydraulic oil from a retarder, in which cooling 
device a first coolant flow is provided in a coolant con- 
duit. 

[0002] The invention further relates to a method uti- 
lizing a cooling device of the above type for cooling 
charge air from a compressor in an engine and hydraulic 
oil from a retarder 

Background Art 

[0003] Transport vehicles, such as lorries, have en- 
gines, for example diesel engines and petrol engines, 
which are often equipped with a compressor, for in- 
stance a turbo charger. The turbo charger uses the ex- 
haust gases from the engine to compress charge air, 
which is then supplied to the engine. Heat is generated 
during compression, i.e. the temperature of the charge 
air increases. The charge air is cooled In a charge-air 
cooler before It is fed to the engine in order to increase 
the density of the air and thus the mass flow of air that 
can befedtotheengine.Thecharge-aircooler Is usually 
cooled by ambient air, which is drawn through the 
charge-air cooler by a cooling fan. 
[0004] New engines, which have lower emissions of 
NOx than older ones, are equipped with turt)o chargers 
that provide a higher charge-air pressure. In many cas- 
es, the amount of air and the output of the engine are 
also increased. This means that both the temperature 
and the mass flow of the charge air increase, leading to 
an increase by at>out 50% of the amount of heat that 
has to be cooled off in the charge-air cooler. Since the 
size of both the front area and the engine compartment 
of a diesei lorry Is limited and can hardly be increased, 
the increased cooling load must be accommodated by 
increased power consumption in the cooling fan. 
[0005] A retarder is a hydraulic auxiliary brake, for ex- 
ample of the type described in GB 974,663, which uses 
hydraulk: oil pumped into it to help brake the vehicle. 
Retarders are frequently used in large diesel lorries. 
Considerable heat is generated in the hydraulic oil when 
braking by means of the retarder. For this reason, the 
hydraulb oil is cooled by a coolant that is pumped via 
the engine to a retarder cooler. 
[0006] US 5,394,854 discloses a method for cooling 
charge air by means of two radiators and two liquid- 
cooled charge-air coolers. A heat exchanger is also pro- 
vided for cooling different oils, such as engine oil, lubri- 
cating oil and, possibly, the hydraulic oil of a retarder. 
[0007] A drawback of the methods described above 
Is that they require large cooling water capacity, they 
cause a large pressure drop in the cooling water circuit 
and/or require several radiators and charge-air coolers. 



Sumnriary of the Invention 

[0008] The object of the present invention is to provide 
a device for cooling charge air and for cooling hydraulic 
5 oil from a retarder, which devk:e causes a small pres- 
sure drop in the coolant circuit and uses few compo- 
nents. 

[0009] According to the invention, this object is 
achieved by a cooling device that is of the type de- 
10 scribed by way of introduction and that has the features 
stated in daim 1 . 

[0010] Preferably, both the retarder cooler and the 
first charge-air cooler are connected downstream of the 
engine with regard to the circulation of the coolant. The 

15 advantage of such a connection is that the engine will 
always be cooled by a coolant having the lowest possi- 
ble temperature, I.e. a coolant that has not been heated 
in a charge-air cooler or a retarder cooler. A coolant with 
a low temperature increases the life of the engine oil. In 

20 addition, the engine will be cooled by the whole first cool- 
ant flow, whteh reduces the total coolant flow required. 
[0011] Suitably, a coolant circuit is adapted to cause 
the coolant to by-pass the first charge-air cooler. This 
reduces the pressure drop in the first charge-air cooler 

25 and thus reduces the enei^ consumption of a coolant 
pump. 

[QOI 2] According to a preferred embodiment, the first 
charge-air cooler and the retarder cooler are connected 
in parallel with regard to the circulation of the coolant, a 

30 valve being adapted to cut off the second coolant flow 
when the retarder is activated. When the retarder Is ac- 
tivated, I.e. when braking a vehicle, no cooling of the 
charge air Is needed. Thus, all the coolant Is conducted 
to the retarder cooler for maximum cooling thereof. 

35 When the engine drives the vehicle, the second charge- 
air cooler is cooled by the second coolant f k>w while the 
retarder cooler Is cooled by a third coolant flow, whkh 
is smaller than the corresponding flow during braking. 
[001 3] Preferably, said valve is a priority valve, which 

^ in the case of a malfunction always directs the second 
coolant flow to the first charge-air cooler. This ensures 
that, when the engine drives the vehicle, the charge air 
can be cooled also in the case of a malfunction in the 
valve, the control system or the like. 
[0014] Suitably, the cooling device has a conduit sys- 
tem for circulating a coolant and, included therein, a 
main thennostat, whk:h is adapted to supply a portion 
of the first coolant flow ranging from 0 to 1 00% depend- 
ing on the temperature of said first coolant flow to a ra- 

50 diator, which is cooled by means of ambient air, the en- 
gine, the first charge-air cooler and the retarder cooler 
being all located In the part of the conduit system in 
which the quantity of coolant flow is essentially unaffect- 
ed by the main themnostat. One advantage of this em- 

55 bodiment is that, regardless of the operation of the main 
thennostat, coolant is always supplied to the first 
charge-air cooler, the retarder cooler and the engine, 
which reduces the risk of these being damaged. Another 
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advantage is that the temperature control will be very 
simple. Only one main thermostat is needed to ensure 
that coolant flows, the temperature of which will not be 
too high, are supplied to the first charge-air cooler, the 
retarder cooler and the engine. It Is thus easy to adapt 
the cooling device to existing temperature controls. Nor 
are any supplementary components needed for thetem* 
perature control, besides a main themnostat, 
[0015] Suitably, the second coolant flow is at least 
50% greater than the coolant flow at which the charge 
air would cause the coolant to boil in the first charge-air 
cooler, but amounts to a maximum of at>out 35% of said 
first coolant flow. A second coolant flow that has been 
optimised as stated above provides surprisingly good 
cooling of the charge air and, at the same time, only a 
small flow of coolant is required and the pressure drop 
In the coolant Is small. These effects both serve to re- 
duce the energy consumption of a coolant pump. 
[001 6] Suitably, the first charge-air cooler, at the op- 
erating point in which the engine develops maximum 
output and in which the charge air supplied to the first 
charge-air cooler has a temperature of 200-270*'C, 
presents a maximum charge-air pressure drop of 4000 
Pa and a charge air cooling capacity of more than 5 kW 
per dm^ cooler volume. The excess pressure built up In 
the charge air by a compressor should be maintained to 
the extent possible when supplying the charge air to the 
engine. Suitably, the pressure drop on the charge air 
side amounts to a maximum of about 13000 Pa when 
the engine develops maximum output. A second 
charge-air cooler^ which is cooled by ambient air and 
which Is suitably arranged In the front of a transport ve- 
hicle, has a pressure drop of about 9000 Pa. The pres- 
sure drop in the first charge-air cooler should thus be a 
maximum of about 4000 Pa since, otherwise, consider- 
able remodelling of the engine compartment will be re- 
quired due to the fact that the second charge-air cooler 
will have to be made larger to provide a reduced pres-: 
sure drop therein. The first charge-air cooler should be 
a high-efficiency cooler, i.e. it should have a satisfactory 
cooling effect on the charge air while requiring only very 
little space, since the space in the engine compartment 
of a transport vehicte e often very limited. 
[0017] Another object of the present Invention is to 
provide a method, wherein hydraulic oil from a retarder 
and charge air are cooled using only a small amount of 
energy. 

[0018] According to the invention, this object is 
achieved by a method as defined in daim 9. 
[001 9] Preferably, the first coolant flow is first conduct- 
ed through the engine and then used to cool the first 
charge-air cooler and the retarder cooler. As mentioned 
above, the engine is advantageously cooled by the 
whole first coolant flow and at the lowest possible tem- 
perature. 

[0020] Suitably, the second coolant flow is cut off 1 -1 0 
s after the retarder has been activated. This ensures that 
the first charge-air cooler has been cooled to a temper- 



ature that is sufficiently low to avoid boiling before the 
second coolant flow is cut off. 

Brief Description of the Drawings 

5 

[0021] The invention will be described in more detail 
In the following by means of embodbnents and with ref- 
erence to the accompanying drawings, In which 

10 Rg. 1 is a schematic view of a first embodiment of 
a cooling device according to the present invention; 
Fig. 2 is a schematic view of a second embodiment 
of a cooling device according to the present Inven- 
tion; 

IS Rg. 3 is a schematic view of a third embodiment of 
a cooling device according to the present invention; 
Rg. 4 Is a view of a first charge-air cooler adapted 
to be used in a cooling device according to the 
present invention; 

20 Fig. 5 is a diagram illustrating one example of a heat 
balance measured during use of the cooling device 
of Fig. 1 ; and 

Fig. 6 is a diagram illustrating the pressure drop in 
the coolant as a function of the coolant flow for a 
^ first charge-air cooler used in the example shown 
in Fig. 5. 

Description of Preferred Embodiments 

30 [0022] Rg.1 illustrates a first embodiment of a cooling 
device according to the Invention as arranged In a driv- 
ing unit 1 for a lorry. The cooling device acts to cool 
charge air that has been supplied to a compressor 3 
through a conduit 2. The cooling device has a first 

35 charge-air cooler 4 and a second charge-air cooler 5. 
The charge air is conducted through a conduit 6 from 
the compressor 3 to the first charge-air cooler 4. The 
charge air cooled therein is then conducted through a 
conduit 7 to the second charge-air cooler 5. The second 

40 charge-air cooler 5 has a charge-air inlet 5a, which is 
made of a cast aluminium blank. The charge air is con- 
ducted from the second charge-air cooler 5 through a 
conduit 8 to a diesel engine 9. In the engine 9, exhaust 
gases are produced which are conducted through a con- 
duit 1 0 to an exhaust gas turbine 11 , which drives the 
compressor 3 by means of a shaft 1 2. The exhaust gas- 
es are conducted via a conduit 13 to an after-treatment 
system (not shown) comprising, for example, sound 
damping and exhaust emission control. 

so [0023] The driving unit 1 is also provided with a re- 
tarder 14, which is connected to a shaft 15 extending 
from the engine 9, said shaft extending through the re- 
tarder 1 4 and being adapted to drive driving wheels (not 
shown) of the lorry. To brake the lorry the retarder 1 4 is 

55 filled with oil from a hydraulic oil reservoir (not shown). 
The hydraulic oil in ttie retarder 1 4 is conducted through 
a conduit 16 to a retarder cooler 17. The hydraulic oil is 
cooled in the retarder cooler 17 and then recirculated 
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through a conduit 18 to the retarder 14. 
[0024] A coolant pump 1 9, which is driven by the en- 
gine 9, pumps a first coolant flow ml through a conduit 
20 to the engine 9. The coolant cools the engine 9 and 
is then discharged from the engine 9 through a conduit 
21 . The coolant flow in the conduit 21 is divided into a 
first subflow in the fonm of a second coolant flow m2, 
which is conducted to the first charge-air cooler 4 
through a conduit 22, and a second subflow in the fomi 
of a third coolant flow m3, which is conducted to the re- 
tarder cooler 1 7 through a conduit 23. 
[0025] Thesecondcoolantflowm2 is discharged from 
the first charge-air cooler 4 through a conduit 24 and the 
third coolant flow m3 is discharged from the retarder 
cooler 1 7 through a conduit 25. The second and the third 
coolant flows w2 and m3, respectively, are brought to- 
gether in a conduit 26 to restore the first coolant flow 
m1 .The coolant flow thus brought together is conducted 
to a main thermostat 28, which Is adapted to sense the 
temperature of the coolant. When the temperature of the 
coolant is low, for example when the engine 9 is started, 
the main thermostat 28 will lead the main part of the 
coolant flow or all of it through a conduit 29 back to the 
coolant pump 1 9. As the temperature of the coolant ris- 
es, the thermostat 28 will direct at least part of the cool- 
ant flow to a radiator 30 through a conduit 31 . In the 
radiator 30, the coolant Is cooled by a flow of ambient 
air 32, which is drawn through the radiator 30 and the 
second charge-air cooler 5 by means of a cooling fan 
33 driven by the engine 9. The coolant cooled in the ra- 
diator 30 is conducted through a conduit 34 to the cool- 
ant pump 19. 

[0026] The cooling device also has a priority valve 35, 
which is mounted in the conduit 22 through which the 
second coolant flow m2 is supplied to the first charge- 
air cooler 4. When the engine 9 drives the lorry, the vah^e 
35 is open to allow coolant to flow to the first charge-air 
cooler 4. When braking the lorry, the pnority vahm 35 is 
closed and all the coolant In the conduit 21 will be di- 
rected to the retarder cooler 1 7 through the conduit 23. 
The priority valve 35 has a prioritising function, which 
means that in the case of a malfunction in the control of 
the valve 35 or in the control unit 36 thereof the valve 
35 will always be open to allow coolant to f k>w to the first 
charge-air cooier4. 1 n the case of a malfunction , a signal 
is also sent to the lorry driver Indicating that the cooling 
capacity of the retarder cooler 1 7 is limited and that the 
lorry should be taken to a garage. 
[0027] The control unit 36 is adapted to control the 
function of the valve 35. When a braking operation is 
initiated the control unit 36 sends a closing signal to the 
valve 35. The valve 35 is then closed, suitably with a 
delay of abouti to 10 s. This delay ensures that the first 
charge-air cooler 4 has been sufficiently cooled to avoid 
any local overheating before the vah^e 35 cuts off the 
coolant flow. When the engine 9 again starts to drive the 
vehicle the valve 35 is immediately opened to prevent 
the coolant from boiling in the first charge-air cooler 4 



as hot charge air is again injected therein. 
[0028] Rg. 2 illustrates a second embodiment of the 
invention. In this embodiment, charge air and exhaust 
gases are conducted in the same way as in Rg. 1 and, 

5 therefore, this Is not illustrated in Fig. 2. The cooling de- 
vk:e is kjentical to the embodiment shown in Rg. 1 also 
in other respects, the only exception being that the pri- 
ority valve 35 has been replaced by a priority valve in 
the form of a three-way valve 1 01 . The three-way valve 

10 101 6 connected to conduits 21 , 22 and 23 in a manner 
which allows it to direct the first coolant flow ml coming 
from the engine 9 through the conduit 21 to the first 
charge-air cooler 4 and the retarder cooler 1 7. When the 
engine is driving the lorry, the opening position of the 

15 three-way valve 101 is such that said vah^e 101 will di- 
rect a second coolant flow m2 to the first charge-air cool- 
er 4 through the conduit 22 and a third coolant flow m3 
to the retarder cooler 17 through the conduit 23. When 
braking the lony the three-way valve changes its posi- 

20 tion and cuts off the second coolant flow m2 through the 
conduit 22. Like the priority valve 35, the three-way 
valve 101 has a prioritising function, whbh means that 
in the case of a malfunction in the control of the valve 
1 01 or in the control unit 36 thereof (not shown) the valve 

25 101 will always be open and direct the second coolant 
flow m2 to the first charge-air cooler 4. 
[0029] A meyor advantage of the embodiments illus- 
trated in Rgs 1 and 2 is that the coolant is optimally used. 
When the engine 9 is used to drive the lorry, a portion 

30 of the first coolant flow ml wil be supplied to the flrst 
charge-air cooler 4 to cool the charge air. Under these 
circumstances no or very litUe cooling of the hydraulk; 
oil of the retarder 14 Is required. When braking the lorry, 
the hydraulic oil of the retarder 14 is heated. Each valve 

35 35 and 1 01 , respectively, then cuts off the coolant supply 
to the first charge-air cooler 4 and directs all the coolant 
through the conduit 23 to the retarder cooler 17. During 
the braking operation, no charge air is compressed in 
the compressor 3 and, thus, no coolant has to be sup- 

40 plied to the first charge-air cooler 4. When the engine 9 
is again operated to drive the lorry, the valve 35, 1 01 is 
opened and coolant is again supplied to the first charge- 
air cooler 4 through the conduit 22. When the valve 35, 
1 01 is open and directs a second coolant flow m2 to the 

^5 first charge-air cooler 4 and, at the same time, a third 
coolant flow m3 to the retarder cooler 1 7, the total pres- 
sure drop in the coolant circuit will be small - owing to 
the fact that coolant is led through both the retarder cool- 
er 17 and the first charge-air cooler 4, whk:h are con- 

50 nected in parallel - compared with the situation in whk^ 
the whole first coolant flow ml is, at all times, conducted 
only through the retarder cooler 1 7. This allows energy 
to be saved in the coolsmt pump 19 when the engine 9 
is driving the vehicle. During a braking operation, the 

55 pressure drop in the coolant circuit will be greater since 
the whole coolant flow is conducted through the retarder 
cooler 1 7. This, however, is to be considered an advan- 
tage since the increased pressure drop will slightly en- 
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hance the engine braking effect of the engine. The op- 
timal use of the coolant, i.e. that both the retarder cooler 
1 7 and the first charge-air cooler 4 are able to utilize the 
first coolant flow ml due to the fact that their respective 
maximum cooling needs do not arise in the same oper- 
ating situations, reduces the total coolant flow required, 
which further reduces the power consumption of the 
coolant pump. 

[0030] Fig. 3 illustrates a third embodiment of the in- 
vention. In this embodiment, charge air and exhaust 
gases are conducted in the same way as In Fig. 1 and, 
therefore, this is not illustrated in Rg. 3. The cooling de- 
vice is identicat to the embodiment shown in Fig. 1 also 
in other respects, the only exception being that the re- 
tarder cooler 1 7 and the first charge-air cooler 4 are con- 
nected in a different manner. With reference to Rg. 3, a 
retarder (not shown) supplies hot hydraulic oil to the re- 
tarder cooler 17 through a conduit 16. The hydraulic oil 
is cooled in the retarder cooler 1 7 and then recirculated 
through a conduit 18 to the retarder 14. A first coolant 
flow ml is discharged from the engine 9 and conducted 
in the form of a third coolant flow m3 through a conduit 
201 to the retarder cooler 1 7 for the purpose of cooling 
said retarder cooler. In this third embodiment, the third 
coolant flow m3 thus consists of the whole first coolant 
flow ml . The third coolant flow m3 is discharged from 
the retarder cooler 1 7 through a conduit 202 to "restore" 
the first coolcmt f tow ml . The first coolant flow ml thus 
restored Is then divided into two subf lows. A first subf low 
is conducted in the fonm of a second coolant flow m2 
through a conduit 203 to a first charge-air cooler 4. The 
second coolant flow m2 is discharged from the first 
charge-air cooler 4 through a conduit 204. A second 
subflow is conducted through a by-pass conduit 205 
past the first charge-air cooler 4. The second coolant 
flow m2 and the second subflow are brought together to 
restore the first coolant ftow m1 , which is conducted to 
the main thermostat 28 through a conduit 206. The main 
themiostat 28 and the radiator 30 work in the way de- 
scribed above. 

[0031] A further advantage of this third embodiment 
is that the coolant is optimally utilized. When the engine 
9 is driving the lorry, i.e. when no braking occurs, the 
coolant discharged from the retarder cooler 1 7 will have 
a low temperature, which provides a satisfactory driving 
force for the cooling in the first charge-air cooler 4. Dur- 
ing a braking operation, which causes the temperature 
of the hydrauito oil in the retarder to increase, the tem- 
perature of the coolant discharged from the retarder 
cooler 17 will increase. However, no cooling of the 
charge-air cooler 4 will then be required. Thus, only a 
relatively small total coolant flow is required to cool the 
engine 9, the first charge-air cooler 4 and the retarder 
cooler 17. Owing to the by-pass conduit 205, the pres- 
sure drop in the coolant circuit and, thus, the power con- 
sumption of the coolant pump 19 decreases. However, 
the pressure drop in the coolant circuit will be slightly 
greater than in the embodiments illustrated in Figs 1 and 



2. Another advantage of this embodinDont is that it may, 
In many cases, suitably be additionally fitted to torries 
that are already equipped with a retarder cooler 1 7. 
[0032] Altematively, it is also possible In this th ird em- 
5 bodiment to connect the retarder cooler 1 7 downstream 
of the first charge-air cooler 4. in this case, the retarder 
cooler is provided in the conduit 206, i.e. downstream 
of the place where the first coolant flow ml is formed 
anew. 

10 [0033] The positioning, as shown in Figs 1 . 2 and 3, 
of both the engine 9 and the first charge-air cooler 4 and 
the retarder cooler 17 on the same side (upstream) of 
the main thermostat 28 provides several advantages. 
One important aspect is that it is ensured that coolant 

15 will always pass through the charge-air cooler 4 and the 
retarder cooler 17, even when the coolant is cold and 
the main thermostat 28 therefore will not allow any cool- 
ant or will allow only very little coolant to reach the radi- 
ator 30. Since the mass of the components constituting 

20 the charge-air system is smaller than the mass of the 
engine 9, the charge air will quickly reach its woridng 
temperature and, thus, the coolant will have to be circu- 
lated immediately after the lorry has been started in or- 
der to prevent it from boiling in the charge-air cooler 4. 

25 The heat transferred from the charge air to the coolant 
will cause the engine 9 to reach its working temperature 
faster, thus reducing the emissions, since the main ther- 
mostat 28 recirculates the main part of the coolant, 
which partly has been heated by the first charge-air cool- 

30 er 4, directly to the engine 9, i.e. not via the radiator 30. 
A certain coolant ftow should always be supplied also to 
the retarder cooler 17 to avoto boiling. 
[0034] Since thecoolantflows m2 and m3 are brought 
together in the conduit 26, any differences in the tem- 

35 peratures of the coolant flows m2, m3 will be levelled 
out. If the temperature of the restored first coolant flow 
ml In the conduit 26 (or the corresponding conduit 206 
in the embodiment according to Rg. 3) is too high, the 
main themiostat 28 will direct a portion of the coolant to 

^ the radiator 30, whtoh will cause the temperature of the 
coolant to decrease. In this manner, using only a veiy 
simple control comprising the main thermostat 28 and 
a control unit (not shown), if any, connected thereto, it 
is ensured that the temperature of the coolant supplied 

'^s tothefirstcharge-aircooler4,the retardercooler 17and 
the engine 9 will not be too high. 
[0035] Fig. 4 illustrates a first charge-air cootor 4. 
which is intended for a large lony. The first charge-air 
cooler 4, whtoh is a high-efficiency heat exchanger of 

50 the '"tube-in-shell" type, comprises an exterior shell 40. 
"High-efficiency" here means that the exterior volume of 
the heat exchanger is small but that nevertheless it is 
capable of transferring a large amount of heat from the 
charge air to the coolant without causing a great pres- 

55 sure drop in the flow of charge air. 

[0036] The exterior shell 40 supports, together with a 
sealing end plate (not shown in Fig. 4), a number of 
tubes 41 (only a few of whtoh are shown in Rg. 4) and 
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forms a space 42 for the coolant. The coolant is supplied 
to the first charge-air cooler 4 through an inlet 43. 
The inlet 43 is connected to the conduit 22 or 203 (see 
Figs 1 -3) that conducts coolant to the charge-air cooler 
4. The coolant is then introduced into the space 42 
f omied in the exterior shell 40 between the tubes 41 and 
caused to flow towards an outlet 44. The outlet 44 Is 
connected to the conduit 24 or 204 (see Figs 1-3) that 
conducts coolant from the charge-air cooler 4. 
[0037] The charge air Is introduced through the con- 
duit 6 (see Fig. 1) into the tubes 42 where it is cooled 
by the coolant flowing in the space 42. The cooled 
charge air is then discharged from the first charge-air 
cooler 4 through the conduit 7 (see Fig. 1). 
[0038] The pressure drop on the charge-air side of the 
first charge-air cooler 4 should not exceed 4000 Pa, 
more preferred about 3000 Pa at the operating point in 
which the engine 9 develops maximum output. A maxi- 
mum pressure drop of about 9000 Pa can then be al- 
lowed in the second charge-air cooler 5, without too 
much of the charge-air pressure provided by the com- 
pressor 3 being lost. 

[0039] The cooling capacity of the first charge-air 
cooler 4 is calculated from the total volume of the heat 
exchanger (connecting flanges, inlets and outlets not in- 
cluded) and the amount of heat that can be transferred 
to the charge air when the temperature of the charge air 
supplied to the charge-air cooler 4 is 200-270*'C and the 
engine develops maximum output. The cooling capacity 
should be at least 5 kW/dm?, more preferred at least 7.5 
kW/dm3. 

[0040] Figs 5-6 illustrate exemplifying graphs for a 
first charge-air cooler 4, which Is of the hlgh-effident 
type shown in Rg. 4 and which, in accordance with the 
emt>odiment shown in Fig. 1 , has been installed in a lor- 
ry, said lorry being equipped with a diesel engine having 
a maximum output of about 300 kW. In this example, the 
first charge-air cooler 4 has 168 tubes 41 of steel with 
an inner diameter of 6 mm and an outer diameter of 7 
mm. 

The outer diameter D of the first charge-air cooler 4 is 
1 50 mm and its length L (which is the same as the length 
of the tubes 41 ) is 250 mm. Thus, according to the above 
definition, the outer volume of the first charge-air cooler 
4 is only 4.4 dm^ 

[0041] At a charge-air flow of 0.6 kg/s at maximum 
output from the above diesel engine and a second cool- 
ant flow m2 amounting to about 20% of the first coolant 
flow m1 at>out 29 kW are transfen^ed in the first charge- 
air cooler 4, which is equivalent to a cooling capacity of 
about 29 kW/4.4 dm^ = 6.6 kW/dm^. The pressure drop 
regarding the charge air in the first charge-air cooler 4 
will then be 3600 Pa. 

[0042] As shown in Fig. 5, the first charge-air cooler 
4 causes the temperature CAI of the charge air supplied 
to the second charge-air cooler 5 to decrease from 
about 215**C to about 168*C when the second coolant 
flow m2 is increased from 0 to about 20% of the first 



coolant flow ml . The temperature CAO of the charge air 
discharged from the second charge-air cooler 5 
(through the conduit 8) will then decrease from about 
36.5^0 to about 33.8°C, whteh improves the output of 

5 the engine 9. In addition, the life of both the aluminium 
inlet 5a and the other parts of the second charge-air 
cooler 5 will be prolonged if the temperature in the 
charge air supplied to the second charge-air cooler 5 is 
lower than 200**C. 

10 [0043] It is also apparent from Fig. 5 that, surprisingly, 
an increase of the second coolant flow m2 to more than 
35% of the first coolant flow ml wll result in a very mod- 
est Increase of the heat transfer in the first charge-air 
cooler 4. 

15 [0044] The coolant used contained about 50% by 
weight of glycol, the rest being water. In such a compo- 
sition and at the current pressure, the boiling point of 
the coolant is about 114^0. This boiling point corre- 
sponds to a second coolant flow m2 whk:h is about 4% 

20 of the first coolant flow ml . Excellent cooling of the 
charge air is provided by the first charge-air cooler 4, as 
shown in Rg. 5, even at this very small coolant flow m2. 
However, in the first charge-air cooler 4, which is of the 
high-efficient type mentioned above, there is a risk of 

25 uneven temperature distribution, uneven coolant flow 
and "hot spots" occurring. To avoid local boiling the flow 
m2 should be at least 50% greater than the flow at which 
boiling occurs, preferably at least twtee as great as the 
flow at which boiling occurs. Thus, in the case illustrated 

30 in Fig. 5, the second coolant flow m2 should be at least 
6%, preferably at least 8%, of the first coolant flow ml . 
Thus, the second coolant flow m2 is at least 50% great- 
er, based on an even temperature and fluid distribution 
without "hot spots' In the first charge-air cooler 4, than 

35 the flow at whbh the charge-air would make the coolant 
boil in the first charge-air cooler 4. 
[0045] Rg. 6 illustrates the pressure drop DP for the 
coolant for a first charge-aircooler 4 of the above design 
as a function of the second coolant flow m2. The first 

40 coolant flow ml in an engine 9 having the above per- 
formance is about 6 kg/s. If the entire fk>w passes 
through the first charge-air cooler 4, the pressure drop 
will, as shown in F^. 6, be about 26.5 kPa. At a second 
coolant flow m2 which is about 20% of the first coolant 

^ flow, i.e. about 1 2 kg/s, the pressure drop will only be 
about 1 .5 kPa. Accordingly, the invention allows a sur- 
prisingly large amount of power to be saved in the cool- 
ant pump 1 9 without affecting the cooling of the charge 
air in a negative way. In the embodmients shown in Rgs 

so 2 and 3, essentially the same result as that described 
above regarding the embodiment in Fig. 1 would be ob- 
tained under otherwise similar circumstances. 
[0046] The total pressure drop from the conduit 2 1 to 
the conduit 26 in the embodiment shown in Fig. 1 is 

55 about 21 kPa, when only the retarder cooler 1 7 is con- 
nected, i.e. when the valve 35 is closed, and decreases 
to about 13 kPa when 20% of the first coolant flow ml 
in the fomn of the second coolant flow m2 is directed to 
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the first charge-air cooler 4 and the remaining 80% of 
the first coolant flow ml in the fomri of the third coolant 
flow m3 is directed to the retarder cooler 1 7. 
[0047] Suitably, the second coolant flow m2 does not 
amount to more than at>out 35% of the first coolant flow 
ml , preferably not more than 25% of the first coolant 
flow ml and more preferred not more than 20% of the 
first coolant flow ml . The optimal solution is often to use 
a second coolant flow m2 that lies as close as possible 
to the coolant flow at which the charge air would cause 
the coolant to boil in the first charge-air cooler 4, but that 
is at least 50% greater than the flow at which boiling 
occurs, preferably at least twice as great as the flow at 
which boiling occurs, in order to make allowance for un- 
even temperature distributions etc In the high-efficiency 
first charge-air cooler 4. 

[0048] In choosing the magnitude of the second coot- 
ant flow m2, the total pressure drop should also be taken 
Into account, especially in embodiments where the first 
charge-air cooler 4 and the retarder cooler 17 are con- 
nected in parallel (see Rgs 1-2). A relatively large sec- 
ond coolant fkiw m2, which amounts to, for example, 
20-50% of the first coolant flow ml , may sometimes 
prove to be optimal in temns of pressure drop. As stated 
above, in case of a malfunction the priority valve 35 Is 
adapted to remain open to direct the coolant to the first 
charge-air cooler 4. fl the hydraulic oil in the retarder 14 
becomes too hot, a temperature relay will be tripped, 
disconnecting the braking effect of the retarder 14. To 
avoid losing too much of the braking effect in the retarder 
14 under such circumstances, the second coolant flow 
m2 should not exceed 40%, more preferred 35%, of the 
first coolant flow ml , at least 60% and 65%, respective- 
ly, of the first coolant flow ml in the form of the third 
coolant flow m3 being, at all events, supplied to the re- 
tarder cooler 1 7. 

[0049] It will be appreciated that various modifications 
of the embodiments described above are possible within 
the scope of the invention. 

[0050] Thus, the first charge-air cooler 4 and the re- 
tarder cooler 17, which are both liquid-cooled, may be 
designed in a number of ways. The first charge-air cool- 
er and/or the retarder cooler may, for instance, comprise 
baffles that forces the coolant flow to pass the tubes sev- 
eral times. The coolers may also be of another type, for 
example "tube-and-fin", according to whk;h the tubes 
are provided with cooling flanges for improved heat 
transfer. When using "tube-and-shelt" or *tube-and-f in", 
the coolant as well as the charge air or, alternatively, the 
hydraulk: oil may be caused to flow either on the outside 
of the tubes or inside them, as long as the end plates 
provide a satisfactory seal preventing the fluids from 
mixing. It is also possible to use plate heat exchangers 
and other types of high-effteiency heat exchangers suit- 
able for transferring heat from a gas or a hydraulk: oil to 
a liquid. 

[0051] The compressor 3 acting to compress the 
charge air may be operated by the exhaust gases of the 



engine 9, as described above, or in any other way, for 
example by means of the crankshaft of the engine. 
[0052] Suitably, the system of conduits 22, 23, 24, 25 
is designed in such manner that constant fractions of 

5 the coolant are conducted, at all times, to the first 
charge-air cooler 4 and to the retarder cooler 1 7. One 
way of achieving this is by choosing suitable diameters 
for the coolant conduits and, optionalty, by introducing 
other components such as flxed orifice washers, ac- 

10 cording to methods known to the person skilled in the 
art, so that the relationship between the pressure drop 
in the retarder cooler 1 7 and its conduits 23, 24 and the 
pressure drop in the first charge-air cooler 4, its conduits 
22, 24 and the valve 35 is such that the desirable second 

IS and third coolant flows rn2 and m3, respectively, will be 
conducted through the first charge-air cooler 4 and the 
retarder cooler 17. Correspondingly, this also applies to 
the' conduits 203, 204 and the by-pass conduit 205 in 
the embodiment shown in Fig. 3. 

20 [0053] The opening position of the valves 35 and 1 01 
may also be adjusted so that the desired second coolant 
flow m2 is directed to the first charge-air cooler 4 when 
each vah^e Is open. Suitably, this opening position is set 
at a service station, the valve 35, 101 thus having only 

25 an on/off function during operation of the lorry. 

[0054] The valve 35 may be nrK>unted either upstream 
of the first charge-air cooler 4, i.e. in the conduit 22, or 
downstream of the first charge-air cooler 4, i.e. In the 
conduit 24. Since the flow through the first charge-air 

30 cooler 4 is relatively small, the dimensions of the vatve 
will be small. Suitably, the valve 35 should not be mount- 
ed in the conduit 23 or 25, since this will increase the 
risk of not obtaining a full flow through the retarder cooler 
1 7 and since it will be more difficult to control the entire 

35 coolant flow to the retarder cooler 17 during a braking 
operation. The valve may, for example, be a ball valve, 
a needle valve or a sleeve valve. Suitably, the vah/e is 
of "fail-safe" type, i.e. a valve which automatk»lly 
changes to an open position in the case of a malf unctton 
in its control. The position of he valve 35 may suitably 
be operated by means of an electric or compressed-air- 
operated aerator. In the embodiment shown in Fig. 1, 
the location of the valve and the fact that the pressure 
drop in the conduit system 22, 35, 4, 23, 24, 17, 25 is 
such that the desired second and third coolant flows m2 
and m3, respectively, are generated when the vatve 35 
is in its open position mean that only one valve 35 is 
required to control the flow. It is possible, of course, to 
use several vah^es and also to control the vahfes, for 

50 example, for the purpose of varying the coolant flows 
depending on the cooling load in the first charge-air 
cooler 4 and the retarder cooler 1 7. However, such a 
devce, which is more complicated, will be more expen- 
sive and less reliable than those illustrated in Figs 1 and 

55 2. 

[0055] The second charge-air cooler 5 may be cooled 
by means of ambient air 32 as described above or by 
means of another low-temperaturefluid, such as cooling 
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liquid from a low-temperature coolant circuit. Such a 
low-temperature coolant circuit usually comprises a 
separate low-temperature radiator and is normally at 
least partly separated from the circuit supplying the en- 
gine 9 with coolant. 



Claims 

1 . A cooling device for cooling charge air from a com- 
pressor (3) in an engine (9) and hydraulic oil from a 
retarder (1 4), in which cooling device a first coolant 
flow (ml) is provided in a coolant conduit (20), 
characterised in 

that the engine (9) is cooled by the whole first 
coolant flow (ml), 

that the cooling device has a first charge-air 
cooler (4), which is cooled by means of a second 
coolant flow (m2), and a second charge-air cooler 
(5), which is cooled by means of a low-temperature 
fluid (32), the charge air being first conducted 
through the first charge-air cooler (4) and then 
through the second charge-air cooler (5) upon 
which it is introduced into the engine (9), 

that the cooling device further comprises a re- 
tarder cooler (17) for cooling hydraulic oil from the 
retarder (1 4), said retarder cooler (17) being cooled 
by means of a third coolant flow (m3), and 

that both the second coolant flow (m2) and 
the third coolant flow (m3) are subflows of the first 
coolant flow (ml) 

2. A cooling device according to claim 1 , wherein both 
the retarder cooler (1 7) and the first charge-air cool- 
er (4) are connected downstream of the engine (9) 
with regard to the circulation of the coolant. 

3. A cooling device according to claim 1 or 2, wherein 
a coolant circuit (23, 25; 205) is adapted to cause 
the coolant to by-pass the first charge-air cooler (4). 

4. A cooling device according to claim 3, wherein the 
first charge-air cooler (4) and the retarder cooler 
(1 7) are connected in parallel with regard to the cir- 
culation of the coolant, a valve (35; 101) being 
adapted to cut off the second coolant flow (m2) 
when the retarder (14) is activated. 

5. A cooling device according to clamfi 4, wherein the 
vah/e (35; 101) Is a priority valve, which In the case 
of a malfunction always directs the second coolant 
flow (m2) to the first charge-air cooler (4). 

6. A cooling device according to any one of the pre- 
ceding claims, which has a conduit system (20-26, 
29, 31 , 34) for circulating a coolant and, included 
therein, a main thennostat (28). which Is adapted to 
supply a portion of thefirstcooiantflow (ml) ranging 



from 0 to 100% depending on the temperature of 
said first coolant flow (ml ) to a radiator (30), which 
is cooled by means of ambient air (32), the engine 
(9), the first charge-air cooler (4) and the retarder 
5 cooler (17) being all located in the part (20-26) of 
the conduit system in which the quantity of coolant 
flow Is essentially unaffected kiy the main thermo- 
stat (28). 

10 7. A cooling device according to any one of the pre- 
ceding claims, wherein the second coolant flow 
(m2) is at least 50 % greater than the coolant flow 
at which the charge air would cause the coolant to 
boil in the first charge-air cooler (4), but amounts to 

15 a maximum of about 35% of said first coolant flow 
(ml). 

8. A cooling device according to claim 7, wherein the 
first charge-air cooler (4), at the operating point in 

20 which the engine (9) develops maximum output and 
in which the charge air supplied to the first charge- 
air cooler (4) has a temperature of 200-270**C, 
presents a maximum charge-air pressure drop of 
4000 Pa and a charge-air cooling capacity of more 

25 than 5 kW per dm^ cooler volume. 

9. A method utilizing a cooling device for cooling 
charge air from a compressor (3) in an engine (9) 
and hydraulic oil from a retarder (1 4), in which cool- 

30 ing device a first coolant flow (ml ) is provided in a 
coolant conduit (20), characterised in 

that the engine (9) is cooled by the whole first 
coolant flow (ml ), 

that the charge air Is first cooled by means of 
35 a first charge-air cooler (4) forming part of the cool- 
ing device and being cooled by means of a second 
coolant flow (m2), and is then cooled by means of 
a second charge-air cooler (5) forming part of the 
cooling device and being cooled by means of a low- 
40 temperature fluid (32), upon which it is introduced 
into the engine (9), 

that hydraulic oil from the retarder (14) is 
cooled by means of a retarder cooler (17) forming 
part of the cooling device and being cooled by 
45 means of a third coolant flow (m3), and 

that both the second coolant flow (m2) and 
the third coolant flow (m3) are subflows of the first 
coolant flow (ml). 

50 10. A method according to claim 9, wherein the first 
coolant flow (ml ) is first conducted through the en- 
gine (9) and then used to cool the first charge-air 
cooler (4) and the retarder cooler (17). 

55 11. A method according to claim 10, wherein the first 
coolant flow (ml) is divided into a second coolant 
flow (m2), which is conducted through the first 
charge-air cooler (4), and a third coolant flow (m3), 
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which Is conducted through the retarder cooler (1 7), 
which is connected in parallel to the first charge-air 
cooler (4) with regard to the circulation of the cool* 
ant, the second coolant flow (nn2) being cut off when 
the retarder (1 4) fs activated. s 

12. Amethodaccordingtoclalm 11, wherein the second 
coolant flow (m2) is cut off 1 -1 0 s after the retarder 
(14) has been activated. 
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